Abstract: Study of changes in agrochemical residues on the Qinghai-Tibet Plateau is necessary for the agricultural green development of the fragile plateau and its downstream regions. The total agrochemical residue (TR) caused by main agrochemical inputs was estimated in the study area of Qinghai province and the Tibet Autonomous Region over 1995-2017 by using the emergy synthesis method. The total agrochemical residue was decomposed into the intensity factor, the structure factor, the productivity factor, and the labour factor by using the Logarithmic Mean Divisia Index (LMDI) decomposition method. The change in TR could be divided into four time periods, i.e., a rapidly increasing period during 1995-1998, a stable period during 1999-2004, a slowly increasing period during 2005-2011, and a fluctuant period during 2012-2017. The study area had a mean TR intensity in area (TRA) of 3.31 × 10 14 sej/ha, which was only 38.21% of that in China; however, the annual growth rate of TRA in the study area was 2.93%, higher than the rate of 1.91% in China over 1995-2017. The study area had a mean TR intensity in production (TRP) of 4.06 × 10 10 sej/CNY (Chinese Yuan), which was 71.05% of that in China; however, the annual decreasing rate of TRP in the study area was 0.95%, lower than the rate of 1.98% in China over 1995-2017. All the LMDI decomposed factors contributed to the TR increase during 1995-1998; the intensity factor, the structure factor, and the labour factor contributed to the TR decrease during 1999-2004; the structure factor and the productivity factor contributed to the TR increase during 2005-2011; and only the productivity factor contributed to the TR increase during 2012-2017. Compared with the whole country, the study area has more potential to reduce TR by improving agrochemical use efficiency, strengthening the recovery of plastic film residue, increasing organic agricultural materials, raising the efficiency of agricultural production, and accelerating the transfer of rural labours to secondary and tertiary industries.
Introduction
Nonpoint source pollution is one of the rising environmental problems that may directly and indirectly threaten public health and the ecological conditions [1] [2] [3] [4] , which commonly includes an urban nonpoint source and an agricultural nonpoint source. Agricultural nonpoint source pollution has become a major reason for eutrophication, water and food quality degradation, and soil pollution in many regions of the world [2, [5] [6] [7] . Mainly resulted from the development of intensive agriculture based on excessive applications of agrochemicals, agricultural nonpoint source is difficult to quantify [8, 9] because it is concealed, dispersed, and difficult to detect [10] . Rational assessment of contributions of various factors affecting the total agrochemical residue. The objectives of this paper were: (1) to evaluate the changing trend in total agrochemical residue (TR) of crop production systems in the study area; (2) to clarify the main components affecting TR associated with the structure of agrochemical inputs; and (3) to assess the contributions of various factors affecting TR associated with the agrochemical residue intensity in production, the proportion of crop production value in the total agriculture production value, the agricultural labour productivity, and the agricultural labour input. The paper emphasizes the significance of the balance between higher crop production efficiency and lower agrochemical residues in the study area.
Data and Methodology

Study Area
Qinghai Province is located in the northeast region of the Qinghai-Tibet Plateau, with a geographical position of north latitude 31 • [32] . The Tibet Autonomous Region is located in the southwest region of the Qinghai-Tibet Plateau, with a geographical position of north latitude 26 • 52 -36 • 32 and east longitude 78 • 24 -99 • 06 [33] . The study area covers an area of 1.90 × 10 6 km 2 , which is 74.74% of the total area (2.54 × 10 6 km 2 ) of the plateau [34] (Figure 1 ).
The agricultural land mainly includes cropland, grassland, and forest land. The study area had a proportion of grassland much higher than that of cropland [35] . Both crop production value and agricultural production value increased over 1995-2017 [36-38] . The cropland area was much lower than the grassland area; yet, it had a production value basically equivalent to that from stock raising, and contributing about 48% of the total agricultural production value ( Figure 2 ). 
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and contributing about 48% of the total agricultural production value ( Figure 2 ). 
Data Sources
The input data for agrichemicals of chemical fertilizers, pesticides and plastic film, crop production value and agricultural production value, and employment labours for the agricultural industry were available in the National Data, and Qinghai and Tibet Statistical Yearbooks [36] [37] [38] . Crop production value and agricultural production value were recalculated based on their annual increasing index in order to keep the values comparable over 1995-2017. Utilization coefficients of agrichemicals were based on the research by Chen et al. [39] and the "China green agriculture development report 2018" [40].
Methodology
Each agrochemical residue in the agricultural system was estimated based on its utilization coefficient. The emergy synthesis was used to holistically evaluate the total agrochemical residues (TR) caused by main inputs of chemical fertilizers, pesticides, plastic film in crop production systems over 1995-2017.
The total agrochemical residue of agrochemical inputs for crop production was estimated based on Equation (1):
where TR is the total amount of agrochemical residues caused by agrochemical inputs in sej; AIi is the amount of agrochemical input i in g; UCi is the utilization coefficient of agrochemical inputi; ST is solar transformity for agrochemical i in sej/g; and i means the agrochemical type, including nitrogen fertilizer, phosphorus fertilizer, potassium fertilizer, compound fertilizer, pesticides, and plastic film. Table 1 lists the individual agrochemical input and its utilization coefficient and solar transformity in crop production systems in the study area. [26] Considering the advantage of Logarithmic Mean Divisia Index (LMDI) decomposition analysis, we used the LMDI model based on Kaya to identify the factors affecting TR change over 1995-2017. The TR could be decomposed into four factors, namely: (1) the intensity factor, which was the total agrochemical residue per unit of crop production value (TR/CV), reflecting the agrochemical residue intensity in production; (2) the structure factor, which was the crop production value per unit of agricultural production value (CV/AV), reflecting the relative contribution of crop production value to total agricultural production value; (3) the productivity factor, which was the agricultural production value per agricultural labour (AV/AL), reflecting the agricultural labour productivity; and, (4) the labour factor, which was the quantity of labour force in the primary industry (AL).
The equation to reflect the relationship among factors contributing to TR can be expressed as:
where factors Ri, Ci, Pi, and AL represent contributors to the total agrochemical residues in crop production systems.
Based on the LMDI method, if TR 0 and TR t denote the total agrochemical residue in the base period and period t, respectively, the change of TR (∆TR) from the base period to period t can be decomposed into the four factors, including ∆Ri, ∆Ci, ∆Pi, and ∆AL:
Results and Analysis
Change in TR for Crop Production
The TR induced by agrochemical inputs roughly increased from 1. Reflecting the total agrochemical residue per cropland area, the TR intensity in area (TRA) had a changing trend similar to that of the TR over 1995-2017. The TRA growth rate was slightly lower than the TR growth rate, as the cropland growth rate was lower than the TR growth rate over 1995-2017; however, the TRA growth rate was higher than the TR growth rate during 1999-2004, as the cropland rapidly decreased in the initial implementation period of GFGP. The TRA had a mean value of 3.31 × 10 14 sej/ha and an annual growth rate of 2.93%. Reflecting the total agrochemical residue per unit of crop production value, the TR intensity in production (TRP) had a mean value of 4.06 × 10 10 sej/CNY and an annual rate of decrease of 0.95% over 1995-2017, which indicated that the production efficiency of agrochemicals was improved with increasing TRA. 184 Table 2 . Growth rates for TR, TR intensity in area (TRA) and TR intensity in production (TRP) in the 185 study area and China for five periods. 
Contribution of Individual Agrochemical Residue to TR
The ranking order of relative contribution of individual agrochemical residue in unit of sej to TR over 1995-2017 was N fertilizer (46.55%) > P fertilizer (25.90%) > compound fertilizer (25.16%) > K fertilizer (1.25%) > pesticides (0.96%) > plastic film (0.18%). It is clear that most of the TR was contributed by N, P, and compound fertilizer. The TR contributed by plastic film was only 0.18%; however, it had the highest increasing rate among all agrochemicals over 1997-2017, and had significantly increased after 2008. The TR contributed by plastic film in 2017 was 21.75 times that in 1995; while the TR contributed by N in 2017 was only 1.34 times that in 1995.
The relative contribution of individual agrochemical residue for four periods was displayed in Figure 4 . The relative TR contribution of N fertilizer became lower, while that of compound fertilizer became higher from the first period to the fourth period. The highest relative TR contribution of P fertilizer, K fertilizer, pesticides, and plastic film appeared in the periods 1999-2004, 1995-1998, 1999-2004 , and 2012-2017, respectively. Thus, relative more N and K fertilizer residue contributed to TR before the GFGP, relative more P fertilizer and pesticides residue contributed to TR during the GFGP, and relative more compound fertilizer and plastic film residue contributed to TR after the GFGP. 
LMDI Decomposition of Total Agrochemical Residue
Based on LMDI model analysis, the contributions of the four factors to total TR variation were shown in a bar graph, while the change in TR was displayed as a line over the study period in Figure 5 . LMDI model analysis indicated that the productivity factor cumulatively increased the TR by Based on the four time periods, the TR increased by 6.75 × 10 19 sej during the first period, decreased by 1.81 × 10 19 sej during the second period, increased by 5.67 × 10 19 sej during the third period, and increased by 2.73 × 10 19 sej during the fourth period, respectively ( Figure 6 ). Vertically indicated in Figure 6 , all factors contributed to the TR increase during the first period; the intensity factor, the structure factor, and the labour factor contributed to the TR decrease during the second period; the structure factor and the productivity factor contributed to the TR increase during the third period; and only the productivity factor contributed to the TR increase during the fourth period. Transversely indicated in Figure 6 , the intensity factor and the labour factor mainly contributed to the TR increase during 1995-1998, but contributed to the TR reduction during the other three periods; the productivity factor mainly increased the TR during four periods; the structure factor increased the TR Figure 6 , all factors contributed to the TR increase during the first period; the intensity 224 factor, the structure factor, and the labour factor contributed to the TR decrease during the second 225 period; the structure factor and the productivity factor contributed to the TR increase during the third 226 period; and only the productivity factor contributed to the TR increase during the fourth period.
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Discussion
Changes in TR and TR Intensities in the Study Area and China
The study area had a mean TR of 2.74 × 10 20 sej, which was only 0.25% of that in China; however, the annual TR growth rate in the study area was 3.26%, higher than the rate of 2.16% in China over 1995-2017. This is because the TR in the study area kept growing during 1995-2017, while a negative annual TR growth rate appeared in China during 2012-2017. The study area had a mean TRA of 3.31 × 10 14 sej/ha, which was only 38.21% of that in China; however, the annual TRA growth rate in the study area was 2.93%, higher than the rate of 1.91% in China over 1995-2017. Similar to the changing trend of TR, a negative annual TRA growth rate also appeared in China during 2012-2017 ( Figure 7 , Tables 2 and 3 ). The study area had a mean TRP of 4.06 × 10 10 sej/CNY, which was 71.05% of that in China; 250 however, the annual TRP decreasing rate in the study area was 0.95%, lower than the rate of 1.98%
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in China over 1995-2017. This is because a positive annual TRP growth rate appeared in the study 252 area during 1995-1998 ( Figure 7 and Table 2 ).
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Sensitive to larger agricultural policies, such as the Grain for Green Policy after 1999 and China's 254 abolishment of the agricultural tax after 2006 [27, 41, 42] , the TRA and TRP in the study area changed 255 in a more fluctuating manner than those in China. Thus, the increasing TRA warrants more attention,
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and safe limit of TRA and TRP needs to be studied in the fragile study area. 
4.2.Contribution of Individual Agrochemical Residue to TR in the Study Area and China
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The relative contributions of P and compound fertilizer to TR or TRA in the study area were
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higher than those in China; yet, relative contributions of others to TR or TRA in the study area were As indicated in Table 3 , the mean of individual agrochemical residue in the study area was lower than that in China, especially the mean of K fertilizer residue in the study area, which was only 18.58% of that in China; yet, the annual growth rate of individual agrochemical residue in the study area was higher than that in China, especially the annual growth rate of plastic film residue in the study area, which was 11.95 times that in China.
The study area had a mean TRP of 4.06 × 10 10 sej/CNY, which was 71.05% of that in China; however, the annual TRP decreasing rate in the study area was 0.95%, lower than the rate of 1.98% in China over 1995-2017. This is because a positive annual TRP growth rate appeared in the study area during 1995-1998 ( Figure 7 and Table 2 ).
Sensitive to larger agricultural policies, such as the Grain for Green Policy after 1999 and China's abolishment of the agricultural tax after 2006 [27, 41, 42] , the TRA and TRP in the study area changed in a more fluctuating manner than those in China. Thus, the increasing TRA warrants more attention, and safe limit of TRA and TRP needs to be studied in the fragile study area.
Contribution of Individual Agrochemical Residue to TR in the Study Area and China
The relative contributions of P and compound fertilizer to TR or TRA in the study area were higher than those in China; yet, relative contributions of others to TR or TRA in the study area were lower than those in China over 1995-2017. The relative growth rates of residues and residues intensities in area for N fertilizer, P fertilizer, pesticides, and plastic film in the study area were higher than those in China. Particularly, the relative growth rate of plastic film in the study area fluctuated between 2.39 and 7.88 times that in China during 2008-2017 (Figure 8 ). Plastic film can improve the hydrothermal conditions of cultivated soil on the plateau. However, accumulated plastic film residue can largely destruct production capacity and sustainability of cropland on the plateau, and has a significant negative impact on its downstream areas.
Obvious regional differences in agrochemical residues intensity in area exist as a result of obvious regional differences in agrochemical input intensity in the study area. More agrochemical residues were usually left in intensive agricultural areas, where most of the modern facility agriculture, rivers, and populations were concentrated, because more agrochemicals were used for cash crops planted in these areas [43] . For example, in 2016, Lhasa, the capital city of the Xizang autonomous region, had an input intensity of chemical fertilizers of 437.90 kg/ha, which was greater than the intensity of 173.26 kg/ha in the study area and the intensity of 153.13 kg/ha in India, and close to the intensity of 443.60 kg/ha in China; it had an input intensity of plastic film of 28.45 kg/ha, which was greater than the value of 11.48 kg/ha in the study area and the value of 19.30 kg/ha in China; and it had an input intensity of pesticides of 4.31 kg/ha, which was greater than the value of 3.58 kg/ha in the study area and the value of 0.30 kg/ha in India, but less than the value of 12.90 kg/ha in China [44] [45] [46] . Thus, an increase in agrochemical inputs may contribute to the greening [47] ; however, regional higher agrochemical input intensities cannot be ignored.
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Changes in Factors Affecting TR in the Study Area and China
The means of intensity factor (Ri), structure factor (Ci) and structure factor (AL) in the study area were 4.06 × 10 10 sej/CNY, 47.79%, and 2.29 × 10 6 persons, respectively, which were lower than those (5.62 × 10 10 sej/CNY, 52.82%, 3.06 × 10 8 persons) in the whole country over 1995-2017; however, the relative Ri, Ci, and AL in the study area had more undulant and slower decreasing rates than those in the whole country, which indicated that the intensity factor, the structure factor, and the labour factor in the study area generally had lower contributions to the TR reduction than those in China (Figure 9 ). The productivity factor (Pi) in the study area had a mean of 6.51 × 10 3 CNY/person, which was much lower than the mean of 1.70 × 10 6 CNY/person in the whole country over 1995-2017. The relative Pi in the study area also had a lower increasing rate than that in the whole country, which indicated that the productivity factor contributed less to the increase of TR in the study area than that in the whole country.
Thus, compared with the whole country, the study area has more potential to reduce TR by improving agrochemical use efficiency, strengthening the recovery of plastic film residues, increasing organic agricultural materials, raising the efficiency of agricultural production, and accelerating the transfer of rural labor to secondary and tertiary industries, which can be realized by related agricultural policy and tax policy reforms.
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Conclusions
The total agrochemical residue (TR) caused by main agrochemical inputs was estimated in the study area of Qinghai Province and the Tibet Autonomous Region over 1995-2017 by using the emergy synthesis method. The total agrochemical residue was decomposed into the intensity factor, the structure factor, the productivity factor, and the labour factor by using the LMDI decomposition method.
The TR roughly increased from 1.86 × 10 20 to 3.19 × 10 20 sej, with a mean of 2.74 × 10 20 sej, which was only 0.25% of that in China; however, the annual TR growth rate in the study area was 3.26%, higher than the rate of 2.16% in China over 1995-2017. The changing trend for TR could be divided into four time periods, i.e., a rapidly increasing period during 1995-1998, a stable period during 1999-2004, a slowly increasing period during 2005-2011, and a fluctuant period during 2012-2017. The stable period with a lower mean TR value coincided with the initial implementation period of the Grain for Green Policy.
Relative more N and K fertilizer residue contributed to TR before the GFGP, relative more P fertilizer and pesticides residue contributed to TR during the GFGP, and relative more compound fertilizer and plastic film residue contributed to TR after the GFGP. The relative growth rates of N fertilizer, P fertilizer, pesticides, and plastic film in the study area were higher than those in China. Particularly, the relative growth rate of plastic film in the study area fluctuated between 2.39 and 7.88 times that in China during 2008-2017. All the LMDI decomposed factors contributed to the TR increase during 1995-1998; the intensity factor, the structure factor, and the labour factor contributed to the TR decrease during 1999-2004; the structure factor and the productivity factor contributed to the TR increase during 2005-2011; and only the productivity factor contributed to the TR increase during 2012-2017. Compared with the whole country, the study area has more potential to reduce TR by improving agrochemical use efficiency, strengthening the recovery of plastic film residues, increasing organic agricultural materials, raising the efficiency of agricultural production, and accelerating the transfer of rural labour to secondary and tertiary industries, which can be realized by related agricultural policy and tax policy reforms.
